Correspondence: Xuhong Zhou (zhouxuhong62@126.com) or Weidong Zhao (zhaowda@sina.com) Purpose: Accumulating evidence has shown that allergic diseases are caused by a complex interaction of genetic and environmental factors, some single nucleotide polymorphisms (SNPs) existing in high-affinity IgE receptor β chain (FcεRIβ) are potential risk factors for allergic diseases. However, the results have been inconsistent and inconclusive due to the limited statistical power in individual study. Thus, we conducted a meta-analysis to systematically evaluate the association between FcεRIβ SNPs and allergic diseases risk. Methods: Eligible studies were collected from PubMed, Embase, Web of Science, Chinese National Knowledge Infrastructure, and WanFang databases. Pooled odd ratios (ORs) and corresponding 95% confidence intervals (95% CIs) were calculated to assess the strength of the relationships between five polymorphisms (E237G, -109 C/T, RsaI in2, RsaI ex7, and I181L) and the risk of allergic diseases by using five genetic models. In addition, the stability of our analysis was evaluated by publication bias, sensitivity, and heterogeneity analysis. Results: Overall, a total of 29 case-control studies were included in this meta-analysis. We found that E237G (B vs. A: OR = 1.28, 95% CI = 1.06-1.53, P<0.001, I 2 = 63.1%) and -109 C/T (BB vs. AA + AB: OR = 1.58, 95%CI = 1.26-1.98, P<0.001, I 2 = 66.4%) were risk factors for allergic diseases. Conclusion: Our meta-analysis suggests that polymorphisms in FcεRIβ may be associated with the development of allergic diseases.
Introduction
Allergic rhinitis (AR) is a common nasal mucosal inflammation, approximately 10-20% of the global population suffers from AR, and the classic symptoms of AR are nasal congestion, nasal itching, sneezing, and rhinorrhea. Allergic conjunctivitis presents as itchy, watery eyes resulting from the same pathophysiology as AR and is not surprisingly a common comorbid condition.
As an allergen-mediated disorder of the nasal passage, AR shares several similarities with another allergic disease of the lower respiratory tract: asthma. Not surprisingly, the two conditions are often comorbid; 85% of patients with asthma have AR whereas 40% of patients suffering from AR have or will develop asthma [1] . As a type 1 immunoglobulin (Ig)E-mediated hypersensitivity process, symptoms of them are triggered by allergens. The reported prevalence of allergic diseases has been steadily increasing. The true incidence probably remains underestimated. Asthma, one of the most common chronic respiratory diseases of childhood, is characterized by recurrent respiratory symptoms, reversible variable airway obstruction, airway inflammation, and increased bronchial hyper-responsiveness [2] [3] [4] . Its incidence is on the rise among children, which brings heavy burden to the whole society and results in huge medical 
Materials and methods

Strategy for literature search
The electronic databases of PubMed, Embase, Web of science, Chinese National Knowledge Infrastructure (CNKI), and WanFang database were comprehensively searched to retrieve relevant articles published between January 2000 and August 2017. Databases were searched using the search term: "bronchial asthma, asthma, allergic rhinitis, nasal allergy, allergic diseases", "Fc epsilon RI beta, FcεRIβ, high-affinity IgE receptor beta chain, beta-subunit of the high-affinity receptor for IgE", "single nucleotide polymorphism, SNP, polymorphism, polymorphisms" as well as their combinations were employed as the searching keywords. The corresponding Chinese version was used in the Chinese databases. To obtain more data, we manually searched the references of related articles. Our analysis only focused on the studies that were written in English and Chinese. When the same authors or laboratories reported this issue on the same population, only the latest published full-text article was included.
Inclusion and exclusion criteria
The following criteria were set to choose the studies included in the current meta-analysis: (1) case-control design; (2) the study must offer the sample size, distribution of alleles, genotypes, or other information that can help us infer the results; and (3) the publication on the association between polymorphisms of FcεRIβ and risk of asthma and/or allergic rhinitis. The exclusion criterions were as follows: (1) review articles, case reports, and meta-analysis; (2) the studies were conducted on animals; (3) genotype distribution data were unavailable; and (4) when multiple publications reported on the same or overlapping data, we used the most recent or largest population.
Data extraction
Data were carefully extracted independently by two authors (Huan-huan Guo and Ping Luo) according to the inclusion and exclusion criteria. Disagreements were resolved through discussion and arbitration by a third author if necessary. For each study, the following data were recorded: first author, year of publication, country, age, allergic status, number of cases and controls, and genotype distributions in cases and controls.
Quality assessment
The quality of studies was independently assessed by the two reviewers using the Newcastle-Ottawa scale (NOS) [38] based on three aspects: selection, comparability, and exposure of cases and controls. NOS scores ranged from 0 to 9, and articles with a score equal to or higher than six were regarded as high quality.
Statistical analysis
Hardy-Weinberg equilibrium (HWE) for the genotype distribution of FcεRIβ in controls was tested by χ 2 analysis with exact probability. The pooled odd ratio (OR) with 95% confidence interval (CI) was used to assess the strength of the associations between the genetic variants and allergic diseases risk. For the FcεRIβ polymorphism, "A" stands for wild-type gene, and "B" for mutant gene, the allelic (B vs. A), heterozygous (AB vs. AA), homozygous (BB vs. AA), dominant (AB+BB vs. AA), and recessive (BB vs. AA+AB) genetic models were used to obtain pooled ORs. The evaluated genetic models for each study were based mostly on those used in primary studies. Heterogeneity assumption was evaluated by a X 2 based Q test and I 2 test [39] . A significant Q test (P<0.10) indicated heterogeneity across studies. I 2 was used to measure the percentage of variability in point estimated that due to heterogeneity rather than sampling error. When there was no statistical heterogeneity, we used a fixed effects model (the Mantel-Haenszel method) [40] , otherwise, a random effects model (DerSimonian and Laird method) was used [41] . The subgroup analysis was performed according to ethnicity, allergic status, and HWE status of controls. Begg rank correlation method and the Egger linear regression method were used to assess potential publication bias [42, 43] . The meta-analysis was Figure 1 outlined the study process of selection. Briefly, we first identified 234 articles. After applying the inclusion and exclusion criteria, a total of 29 articles including 6496 allergic diseases patients and 5828 controls were screened out. Of the 29 articles, 9 were written in Chinese [22, [44] [45] [46] [47] [48] [49] [50] [51] and 20 in English [13] [14] [15] [16] [17] [18] [19] [20] [21] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] . Among them, 22 were conducted in Asian populations and 7 in Caucasian populations. The FcεRIβ polymorphism was measured by seven different methods (ARMS-PCR, PCR-SSCP, PCR-RFLP, SNP-IT TM , ABI, MALDI-TOF, and TaqMan). Within the genotype distribution in the controls, the value of HWE was either extracted in the articles directly or calculated using the data of controls. Only three studies deviated from HWE [52, 60, 49] . Table 1 listed the main characteristics of included studies. Table 2 exhibited the distribution information of alleles and genotypes of FcεRIβ polymorphism.
Results
Main characteristics of the selected studies
Association of E237G and -109C/T polymorphisms in asthma and/or allergic rhinitis risk
Twenty-five case-control studies involving the E237G polymorphism with 10,084 individuals (5081 cases and 5003 controls) were included in this meta-analysis. The overall results suggested that the allelic model of E237G polymorphism had an increased the risk of the allergic diseases (B vs. A: OR = 1.28, 95% CI = 1.06-1.53, P<0.001, I 2 = 63.1%, Figure 2 Figure 3 ) and recessive genetic model (BB 2 = 65%, Figure 5 ). Table 3 summarized the association between the clinical characteristics and the polymorphisms of E237G and -109C/T, including the gender, age, positive RAST, and total serum IgE level.
Association of RsaI in2, RsaI ex7, and I181L polymorphisms in asthma and/or allergic rhinitis risk
For these three polymorphisms, three studies that focused on the association of RsaI in2 polymorphisms and allergic diseases risk involving 274 cases and 217 controls, two studies that focused on the association between RsaI ex7 polymorphisms and allergic diseases risk involving 177 cases and 130 controls, and two studies that focused on the association of I181L polymorphisms and allergic diseases risk involving 290 cases and 150 controls were pooled into the meta-analysis. No significant association was found for RsaI in2 and RsaI ex7 polymorphisms in all genetic models. For I181L polymorphism, significant association with increased allergic diseases risk was also observed in B vs. 
Sensitivity analysis and publication bias
We omitted each particular study to verify whether our results were influenced by each individual study or not. The pooled ORs were not materially altered, indicating the robustness and stable of the results in this meta-analysis ( Figure  6 ). The Begg's funnel plot and Egger's test were used to evaluate the publication bias ( Table 4 ). All the plots were found to be roughly symmetrical, indicating no publication bias presented as shown in Figure 7 .
Discussion
In the last decade, analysis of SNPs has become the newest approach for detection and localization of the genetic determinants of asthma [63] [64] [65] [66] . Genetic factors are important in defining total serum IgE levels. Linkage analyses have localized a gene or genes that influence atopic phenotype at chromosome 11q13 [34] [35] [36] . In this meta-analysis, we discussed five polymorphisms in FcεRIβ (E237G, -109 C/T, RsaI in2, RsaI ex7, and I181L) which were considered to have certain correlation to allergic diseases by pooled results from 29 eligible case-control studies. Only two extensively investigated SNPs (E237G and -109 C/T) were involving large sample of studies included this meta-analysis. Other SNPs (RsaI in2, RsaI ex7, and I181L) had limited number of studies, especially for V183L, we failed to collect enough studies and data to comprehensively analyze the risk for allergic diseases.
The results demonstrated that FcεRIβ E237G polymorphism in allelic model acts as significant increased risk for asthma, especially in Asians, which is consistent with previous results [66, 67] . The stratification on allergic status and ethnicity did reveal a statistically significant association for E237G and the risk of allergic diseases. With respect to FcεRIβ -109 C/T polymorphism, a significantly association was observed in recessive genetic model, it has been demonstrated that -109 C/T polymorphism may play an important role in pathophysiologic mechanisms and the subgroup analysis by allergic status and ethnicity also showed the increased risk for allergic diseases, which validated the previous speculation [67] . For I181L polymorphism, significant association with increased allergic diseases risk was also observed in three genetic models, given the limited number of studies, more data are required to validate these associations. Heterogeneity is one of the most important problems when performing the meta-analysis. The results should be interpreted with caution when heterogeneity exists. There was high heterogeneity in this meta-analysis. Considering that differences in allergic status, ethnicity and WHE may affect the results, we conducted subgroup analysis by allergic status, ethnicities and WHE, the heterogeneity was decreased or removed after subgroup analysis; however, there still existed or increased in some groups, perhaps, the source of heterogeneity may be from different ages or other clinical characteristics such as sex and environmental exposures, unfortunately, there were no enough data to extract to analyze.
Although this is not the first meta-analysis focused on the association between FcεRIβ polymorphisms and allergic diseases, there were some strengths of our study: first, most of the genotype distributions in controls were consistent with HWE. Second, the relationship was analyzed by using five kinds of genetic models, and the results were statistically significant. Third, the methodological issues for meta-analysis, such as Egger's test, Begg's funnel plots, and subgroup analysis were performed to ensure the stability of the results. On the other hand, the limitations could not be ignored: first, the interaction of gene-gene and gene-environment should be considered. Second, most of the included studies were conducted in Asian and Caucasian populations, although other ethnicities should be considered. Third, different genotyping methods were used in the respective studies, which might partly influence the result.
Conclusions
In conclusions, it is believed that subjects with FcεRIβ polymorphisms tend to develop allergic diseases, severity of symptoms caused by genetic variation could independently modify predisposition to allergic diseases. A greater understanding of the genetic basis of asthma and allergic rhinitis holds great promise for the identification of novel 
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